Among the wide variety of causes of angina pectoris, two major categories may be recognized: the anatomic, causing arterial obstruction, and the functional.
through the epicardium. Two principal categories of lesions may be identified: atherosclerotic lesions, and a variety of lesions which are nonatherosclerotic in nature. Atherosclerosi.s Nature and Complications. Lesions generally classified as atherosclerosis are focal, often eccentric, thickenings of the intima with fibrous tissue and varying amounts of lipids. The latter are usually found in extracellular locations and may contain cholesterol crystals and show focal calcification. Characteristically, the purely atheromatous lesion is associated with a residual lumen. With such a lesion the artery may be termed obstructed or stenotic ( fig. la ). Complicating lesions include thrombi and the so-called intimal hemorrhage. In instances of chronic angina pectoris, thrombi are found to be organized and represented by foci of vascular connective tissue obstructing a lumen previously narrowed by underlying atherosclerosis. Arteries so involved may be said to be occluded (fig. lb ).
The subject of hemorrhage into atheromas has invited considerable discussion both as to ,, i 1 , . its effect upon the circulation and its pathogenesis. Regarding pathogenesis, one view is that it is a result of rupture of capillarylike vessels which commonly appear in atheromas.J The other view is that it results from a break in the fibrous tissue separating the accumulation of lipid material from the lumen and that blood then traverses from the lumen of the artery into the atheroma.2 Whatever the mechanism, extravasation of blood into the substance of the atheroma is usually not responsible for major distortion of the lumen. That the process of rupture of the wall of the atheroma may underlie thrombosis is established.3 Another possible feature of hemorrhage into the atheroma, but which has not been proved, is that the local irritation involved by the hemorrhage may be responsible for reflexes causing vasospasm in collateral vessels. If this indeed occurs, hemorrhage into the atheroma may have rather farreaching effects upon the coronary circulation.
According to Blumgart and Zoll,4 who studied the coronary arteries in 6800 consecutive specimens, atherosclerotic narrowing or occlusion of coronary arteries was associated with the following changes: atherosclerosis, ,.
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Figure 1
Photomicrographs showing atherosclerotic disease of coronary arteries. (a) Severe degree of atherosclerosis. The lumen is narrowed and eccentric. The process may be termed obstructive atherosclerosis. (Elastic tissue stain; reduced from X 13.) (b) In addition to atherosclerosis, an organized thrombus represented by vascular connective tissue in the lumetn is present. The process may be termed occlusive disease. (Elastic tissue stain; reduced from X 15.) Circulation, Volume XLVI, December 1972 a. 43%; thrombosis, 41%; and intramural hemorrhage, 8%. Thus, when obstruction or occlusion of a coronary artery was found it was related to atherosclerosis in 92% of the cases. The length of an obstruction or an occlusion characteristically is short. Schlesinger and Zoll5 found that almost two thirds of coronary arterial occlusions were less than 5 mm in length.
Only a small number of patients with angina exhibit solitary lesions of severely obstructive nature. In the majority, not only are there multiple obstructions in a given artery but more than one artery is frequently involved. Important from the viewpoint of surgical treatment is that beyond zones with little or no involvement may lie severely stenotic or occlusive lesions. This phenomenon is at variance with the teaching that as one progresses down a coronary artery there is a gradual decrease in severity of disease. In particular, this does not apply to the right coronary artery, in which we have found that the segment lying between the marginal and posterior descending branches tends to be more severely involved than the proximal segment of the artery.6 In arteriographic studies Diethrich7 found similar distribution of lesions in the right coronary artery.
From pathologic studies, Schlesinger and Zoll5 emphasized that, while occlusions are more common in the anterior descending artery and its pericardial branches than in either of the other two arteries alone, the right and circumflex arteries and their branches together supply more occlusions than does the anterior descending system alone.
Incidence in Population. There is a high incidence of obstructive atherosclerotic coronary arterial disease in the general population.
White and associates8 studied the coronary arteries in 600 specimens of heart obtained consecutively from 100 men in each of seven decades beginning with age 30 years. These investigators found that the average coronary atherosclerosis was of most severe degree in the 50-59 year decade. In the latter age groups, atherosclerosis of grade III or greater (75% reduction of lumen or more) was found at least at one point in the coronary system in about 75% of the cases. Lesser degrees of atherosclerosis in the older decades probably reflected the fact that those with severe disease tended to die off, leaving those with lesser degrees of atherosclerosis to represent the older aged persons. Further evidence for the high incidence of coronary atherosclerosis in the general population is supplied by Schlesinger and Zoll,5 who reported on 225 hearts studied by the technic of injection and dissection of the coronary arteries. In men over 55 years of age, coronary arterial occlusions were found in 40% of the cases (obstructive lesions not included).
Relation of Coronary Atherosclerosis to
Angina. Lenegre and Himbert9 attempted to determine the anatomic basis for angina. These authors, after discarding atypical cases, those with nonatheromatous causes of angina (such as valvular disease, hypertension, syphilitic aortitis, chronic bronchopulmonary disease, and atrial fibrillation), observed significant atherosclerosis pathologically (at least one obstruction of the lumen by at least 50%) in each case.
Zoll and associates10 made a comprehensive comparison between the occurrence of angina and various factors studied pathologically, including postmortem coronary arteriography and dissection. In each of 177 patients in whom angina had been present for 1 month or longer, coronary atherosclerosis, arterial hypertension, or valvular heart disease, either alone or in combination, were present. In the majority (78%), two or more of the foregoing factors were found in individuals with a history of angina.
Among the 177 subjects with angina, the most common pattern was a combination of hypertension and coronary disease (61%) while the second most common pattern was coronary disease in the absence of either valvular disease or hypertension. Coronary disease only was found in 16% of the anginal subjects.
Circulation, Volume XLVI, December 1972 These investigators then pooled the 177 cases of angina with larger groups of subjects studied yielding a total of 848 cases. This was done for the purpose of determining the incidence of angina in the presence of several states.
In 220 subjects without coronary, valvular, or hypertensive disease, no cases of angina were observed.
Among 101 cases with only obstructive coronary disease and without occlusion, the incidence of angina was 5%. The incidence of angina was 52% among those with arterial occlusion. The incidence of angina with valvular disease alone or hypertension alone (each without coronary disease) was 16 and 3%, respectively.
When the presence or absence of valvular disease or hypertension were disregarded, there was a direct relationship between the degree of coronary obstruction and angina. This was compounded by the presence of either valvular disease or hypertension.
The data presented also indicate that involvement of the main arterial trunks is more likely to cause angina than occlusion of epicardial branches. Occlusion of one main trunk was associated with a 60% incidence of angina. With occlusion of two or three main stem arteries, the incidence of angina was about 85%.
With regard to the multiplicity of arteries involved, Diethrich,7 studying 313 selective cinecoronary arteriograms in patients with angina pectoris, found that significant involvement of only one vessel occurred in 23% of the patients, while involvement of two vessels was seen in 40%, three vessels in 29%, and four vessels (including the main left coronary artery) in 9% of the subjects. The relatively high incidence of significant involvement of only one coronary artery in the arteriographic studies of Diethrich and associates should be tempered by the fact that pathologic examination tends to show more significantly obstructive lesions than are portrayed in the arteriogram.'0 Circulation, Volume XLVI, December 1972 From an angiocardiographic study, Proudfit and associates" reported on 627 patients with coronary arterial disease. They found that, when luminal obstruction involved 50% of the lumen or more, the anterior descending coronary artery was somewhat more commonly involved than the right coronary artery, the figures being 427 and 387, respectively, while for the circumflex coronary artery, the comparable figure was 293. These authors attempted to correlate coronary arteriograms with the type of clinical picture, that is, whether or not myocardial infarction had been present and whether or not angina was present, relating these clinical patterns to the type of distribution of significant atherosclerotic lesions. When myocardial infarction and angina pectoris were present together or alone, combinations of involved vessels were found more commonly than lesions in any one vessel alone. On the contrary, when they studied specifically those cases in which there was total occlusion at one or several points in the coronary arterial system, it became apparent that, when the right coronary artery was the site of total obstruction, it was commonly associated with angina whether or not myocardial infarction was present, while myocardial infarction in the absence of angina was commonly found (23.9%) in those cases having total occlusion of only the anterior descending coronary artery.
Admitting that a history of angina pectoris is not always elicited, even when present, it has been shown that not all patients with severe coronary atherosclerosis exhibit this manifestation of the disease. For the difference, a number of explanations are forthcoming, including varying thresholds for pain, malfunction, or pathways leading to realization of pain, varying needs by varying degrees of myocardial hypertrophy and work, and the presence of collateral channels which serve to overcome the effects of foci of obstructive or occlusive arterial disease.
In most coronary arterial systems which show obstructive or occlusive lesions of chronic nature, collateral channels are easily demonstrable by angiographic technics.
Among such cases some patients will have experienced angina pectoris, while others will not have done so. One explanation for the difference is that in some the collaterals are adequate to prevent myocardial ischemia, while in others they are not.
Still another explanation relates to the possible periodic variations in the function of the collateral arteries. Most of the latter are small in comparison to the main trunks and are less subject to atherosclerotic disease. Retaining a relatively normal structure, the collateral channels are probably more subject to vasomotor responses than are the diseased main trunks. Thus, it seems probable that collaterals which are easily demonstrated during angiography may at other times be vasospastic and so restrict the flow of blood to the myocardium.
The factor of need by the myocardium as a trigger for angina is supported not only by the classical situation of work precipitating angina but also by the observations of Zoll and associates.10 The latter group found that the most common setting for angina was a combination of hypertension and coronary disease.
A special situation is that in which a patient loses angina after experiencing acute myocardial infarction. Why is this so? One explanation is that acute coronary thrombosis had not only caused the infarction but, in causing complete occlusion of an artery, was the basis for stimulation of collaterals. While coronary thrombosis may be one of the factors which favors enlargement of collaterals, not all myocardial infarcts are precipitated by coronary thrombosis. A more plausible explanation is that prior to infarction a particular segment of myocardium had been ischemic periodically and the site of origin of angina. With loss of this muscle, the trigger site for angina is removed.
Nonatheromatous Lesions
A variety of lesions including embolism, primary dissecting aneurysm of a coronary artery, and various forms of arteritis may be responsible for occlusion or obstruction of one or another of the main coronary trunks or their epicardial branches. Also included in this category are anomalous communications involving the main coronary arteries.
This section regarding the nonatheromatous conditions involving the main coronary arteries will not concern itself with coronary ostial narrowing which is the subject of a subsequent section. At the same time, it is apparent that some of the types of lesions which involve the main coronary arteries may also be seen in the intramyocardial branches. The latter is also a subject of a separate section.
The source of coronary embolism is varied, usually being represented by a lesion involving the left side of the heart or pulmonary veins or the coronary arteries. The anterior descending artery has the greatest potential for receiving emboli. Bacterial endocarditis as a cause of coronary embolism has been known for over 100 years, an early paper being that of Virchow published in 1856. 12 Subsequent references include that of Wenger and Bauer.'3 When a coronary embolus involves a major trunk, there is often a picture of catastrophic myocardial ischemia with acute cardiac failure. Nevertheless, isolated cases of protracted disease with chronic angina pectoris may result from this phenomenon. Emboli of bacterial endocarditis may simply occlude an artery or may, in addition, be responsible for infection of the arterial wall with the formation of a secondary mycotic aneurysm of the artery.
Intracardiac bland thrombi, as in mitral stenosis, or in other conditions including left ventricular failure from aortic valvular disease and acute and healed myocardial infarction and thrombi in relation to prosthetic valves, may embolize to a major coronary artery. Tumors involving the left side of the heart, of which the classic example is myxoma of the left atrium or neoplasms involving the pulmonary veins, may also embolize to the coronary arterial tree occluding one or another of the major trun-ks.
The calcified valve, in particular the aortic valve, is prone to cause coronary embolism ( fig. 2a ). The process of fragmentation and embolism may be spontaneous but it is more likely following or during surgical manipulation of the calcified aortic valve.
As complications of intracardiac operation or cardiac catheterization, patients with rightto-left shunt may suffer from coronary embolism. These result either from fragmentation of preexistinig vegetations in the right side of the heart or from separation of thrombi forming on the cardiac catheter ( fig. 2b anid c). Primary dissecting aneurysm of a coronary artery refers to that condition in which an intramural hematoma is restricted to a coronlary artery. The hematoma serves to obstruct the lumen. Such aneurysms may occur sponltanieously ( fig. 3a ) or result from iinjury by a catheter or cannula ( fig. 3b ).
Claudon and associates14 reported data on 24 cases of spointaneous primary dissectinig aneuirysm of a coronary artery. From this, it is apparent that the anterior descenidinig coronary artery is the most common site for this lesion. The female sex dominates, and the postpartum state was present in an inordinately high number of cases (eight of 24). In most instances, primary dissecting aneurysm of a coronary artery does not relate to the subject of chronic angina pectoris, as sudden death is the most commoni complication of this condition. Nevertheless, in isolated instances patients survive the immediate episode anid experience acute myocardial infarction. While all of the cases studied by Claudon were examples in which death had occurred, the possibility remainis for survival with localized obstruction of a coronary artery and with angina pectoris as a sequela of primary dissectinig anieurysm of a coronary artery.
The etiology of primary spontaneous dissecting aneurysm of the coronary artery is uncertain. In some instainces, the rupture Circulation, Volume XLVI, December 1972 leading to the accumulation of an intramural hematoma is derived from localized inflammatory disease of the artery, while in other instances cystic medial necrosis is an underlying condition. In most reported cases, no underlying basis was identified. Certain primary dissecting aneurysms of coronary arteries are iatrogenic in nature resulting from inijury to a coronary artery by a caninula or catheter inserted either during operation or arteriography.15 16; In those cases of primary spontaneous dissecting aneurysm of the coronary arteries in which arteritis was identified, the lesion was localized. There are other cases of arteritis involving the coronary arteries in which the coronary arterial involvement is part of a systemic polyarteritis nodosa.17 While the coronlary arterial lesions may be restricted to the intramyocardial branches, involvement of the main coronary arterial trunks may also occur, in some cases. The mechanisms for obstruction of involved arteries include thickening of the arterial wall by reactive tissue and thrombosis with or without aneurysmal formation in the artery (fig. 4a ). In cases in which the disease becomes arrested, the involved arteries are left with obstructions in the form of fibrous plugs representing organized thrombi (fig. 4b) .
In children and infants, coronary arterial obstruction may be seen as a feature of gargoylism (Hurler's syndrome). Among the various manifestationis of this condition is thickening of the coronary arterial wall by macromolecular glycoproteins which have the effect of causing luminial narrowing ( fig.  5a ) .18 Calcification of coronary arteries other than that complicating atherosclerosis is rare and usually seen in children. Amonig its backgrounds is to be included hypervitaminosis D. The condition has a tendency to occur in families. It is histologically characterized by necrosis of elastic fibers and smooth muscle cells in the wall of the coronary artery. Secondary intimal proliferation is responsible for luminal narrowing. 1'" 20 In our experience, cystic medial necrosis of the aorta, as seen in arachnodactyly ( Marfan's syndrome), may be associated with coronlary arterial thickening. The most extreme example was observed in a 14-year-old boy who died of (fig. 5b ). The coronary arteries showed severe focal intimal thickening with fibrous tissue in which stainable fat was present and associated with changes of cystic nature in the media. In other cases of cystic medial necrosis of the aorta, we have observed qualitatively similar lesions, but none with the severity of this particular case.
A variety of abnormalities involves anomalous communication of coronary arteries and may be associated with angina. Two general types are recognized. In one, two coronary arteries arise from the aorta while one or both of these make anomalous communication with a low-pressure compartment, such as the coronary sinus, a cardiac chamber, or the pulmonary trunk.' Such anomalous communications allow escape of coronary arterial blood with a fall in perfusion pressure within the coronary arteries. Beyond the zone of anomalous communication, the coronary arterial supply to the myocardium is deficient.
The condition in which one coronary artery Circulation, Volume XLVI, December 1972 arises from the pulmonary trunk while the other arises from the aorta may, with time, be associated with the development of major collaterals between the ramifications of the two coronary arteries. When this stage is reached, there is anomalous flow from the normally arising coronary artery into the anomalously arising one, and the blood ultimately reaches the pulmonary trunk as part of a left-to-right shunt.22 In1 this condition, the perfusion pressure in the coronary arteries is low, and myocardial ischemia is particularly evident in the distribution of the aniomalously arisinig artery.
Coronary Ostia
Ostial narrowing of the coronary arteries may, on rare occasions, be the result of intrinisic coronary atherosclerosis anid, less commonly, a manifestation of embolism from one of the several sources mentioned in the preceding section.
Most often, coronary ostial narrowing is the result of primary disease of the aorta, the The simplest lesion of all is atherosclerosis of the aorta so located as to impinge upoIn a coronary ostium. In most instances, the aortic atherosclerotic lesion is localized but it may be diffuse, as in syphilitic aortitis. It is our opinion that, in the latter condition, the classical coronlary ostial narrowing is the result of secondary aortic atherosclerosis rather than caused by the primary medial inflammatory disease of the aorta (fig. 6) .
A special type of coroniary ostial narrowing results from a lesion present at the junctioni of the sinus and tubular portions of the ascendiing aorta. Normally, a protrusioni or ridge occurs at this level. It is particularly prominienit ill relation to the right coronary artery. There is a tendency for nonatheromatous calcific lesions to develop in this ridge. While many such lesions are small, there are isolated cases in which a distinict mass obstructs the ostium of a coronlary artery, particularly the right ( fig. 7 ). 2 Diffuse iniflammation of the aorta, which may include in its total manifestation so-called pulseless disease, may have ca component which affects the coronary arterial ostia. In a case of Barker and Edwards,4 fibrin was diffusely deposited over the surface of the ascending aorta and aortic arch. These deposits served to occlude the ostia of the coroniary arteries aind were associated with massive acute myocardial infarction. Saccular aneurysms either of the aorta or the base of the left ventricle may be so located as to impinge upon either coronary artery, more commonly the left. The anieurysms may take the form of the so-called congenital aortic sinlus aneurysm or be derived from inflammatory disease.> More common than saccular anieurysm as a cause of coronary ostial narrowing is dissecting aneurysm of the aorta. Circulation, Volume XLVI, December 1972 PATHIOLOGY OF ANGINA PECTORIS R.C. This conidition which is characterized by ani intramural hematoma frequently shows extension of the hematoma into the media of the various braniches of the aorta. Of the coronlary arteries, the right is more commonly inivolved thani the left. As the hematoma extends inlto a coronary artery, luminal narrowinig or occlusion is a conisequence. Supravalvular aortic steniosis is a conigenital abnormality of the aorta causitig iiarrowiiig of the ascending aorta above the level of the coronlary arteries. The coroinary arterial system is inifluenced by its origins lyinig both proximal and near the lesion of the aorta. The phenomenion of the arteries lying proximal to the zonie of aortic obstructioni is classically associated with enlarged, tortuous anid thickwalled coronary arteries. These may show premature atherosclerosis.2" Specific abniormalities of the aortic lesion may inivolve the origii]s of the coronlary arteries. One of these is manifested by adhesion of the free edge of an aortic cusp to the aortic irntima, so as to obliterate communication between the related coronary artery and the aortic lumen. This phenomenlon was described in a case by Kreel aind associates27 and in another case by Eliot and Edwards ( fig. 8 ). 23 In another variation the aortic lesion may coincide with the ostium of a coronary artery anid cause severe obstruction of the involved coronary artery. In a specimen referred to us by Dr. W. P. Baker and involving a 14-month-old girl, we observed mild supravalvular aortic stenosis, but with complete obstruction of the ostium of the left coronary artery.
In some instances, coronary ostial stenosis may complicate aortic valvular replacement by prostheses in the treatment of various types of aortic valvular disease. The prosthesis may be so oriented as to have the struts or the seat obstruct one or both coronary arterial ostia. In other situations, the prosthetic valve may obstruct the aorta just distal to the levels of the coronary arterial ostia and create a In recent years, there has been much interest in the subject of "small artery" disease as a possible cause of clinically apparent ischemic heart disease. Though such lesions may pertain in certain cases, it is important to realize that they are uncommon and that, in the usual instance of angina and/or myocardial infarction, atherosclerosis of the epicardial trunks is present upon pathologic examination. 28 The small arteries of the coronary system, those coursing through the myocardium, are subject to occlusive lesions of various backgrounds, often in instances of systemic disease. Involvement of vessels in this category may be placed into the following major categories: embolic, thrombotic, metabolic, and degenerative.
The sources of emboli to the small coronary arteries are the same as those involving the major coronary arteries and, in addition, neoplastic embolism and atheromatous emboli, secondary to aortic atherosclerosis, may be seen involving the myocardial arteries and arterioles ( fig. 9 )..
In bacterial endocarditis, while embolism to the major coronary arteries is uncommon, embolism to the intramyocardial branches is exceedingly common (fig. 9 ). In most instances of left-sided bacterial endocarditis, embolic and infarctive lesions of the myocardium are to be observed. Such lesions contribute to the commonly observed phenomenon of nonspecific electrocardiographic changes in this infectious disease.
Thrombosis involving the small vessels has many potential backgrounds. Among these are hematologic disorders. The peculiar condition called thrombotic thrombocytopenic purpura has a tendency to cause thrombi in many small blood vessels in the systemic circulation, while thrombocytopenia and a hemorrhage tendency coexist. In this disease, the myocardium shares with other organs occlusion of small arteries.29 Polycythemia30 and sickle-cell anemia31 are among the causes of thrombosis Circulation, Volume XLVI, December 1972 of the intramyocardial blood vessels. In the area of parasitic disease, malaria and schistosomiasis have been reported to have caused occlusive lesions of the small cardiac arteries. Merkel32 described two cases of acute fulminating P. falciparum infection with thrombotic occlusion of the small coronary arteries. Less commonly, the main coronary artery is thrombosed. In schistosomiasis, Gazayerli33 reported occlusion of the left circumflex coronary artery in an adult infected with schistosomiasis haematobium.
A variety of inflammatory conditions, some of which are ordinarily classified under the head of collagen diseases, may 'be associated with inflammation of the small arteries of the coronary system and with secondary thrombosis. Most'prevalent among these is polyarteritis nodosa. The obstruction of coronary arteries results either from inflammatory thickening of the vessel walls, secondary thrombosis ( fig. 10 )., or both. Lupus erythematosus is occasionally associated with arterial lesions similar to those in classical polyarteritis nodosa. 34 3 In particular this association has been observed in those cases of lupus treated with corticosteroids. Rheumatic fever uncommonly is a source of arteritis in which thrombosis may occur secondarily. The inflammation of the active stages may leave arteries thickened with fibrous tissue. 36 Rheumatoid arthritis may be associated with intimal thickening of intramyocardial blood vessels. In this disease, as in lupus erythematosus, corticosteroid therapy is particularly in the background among patients with rheumatoid arthritis who suffer from polyarteritis. 37 Among the metabolic diseases are the xanthomatoses, of which two types have a particular tendency to be associated with involvement of the main coronary arteries, but the intramyocardial arteries may also be involved. In Gout may be associated with deposits of urate crystals in the intima of the intramyo-cardial blood vessels, but this disease is complicated in that the main coronary arteries have a high tendency to be associated with classical atherosclerosis.39 40 The latter lesion is more commonly found than the former. Myocardial ischemia has beeni described in cases of homocystinuria.4' In these cases, there is an iIncrease in grouind substance withini the media and seconidary changes in the smooth muscle cells. The luminal narrowing is secondary to associated intimal thickening. Myocardial amyloidosis, whether of the primary systemic type, the systemic type associated with multiple myeloma, or the senile type, in which amyloid is more or less confined to the heart, classically shows interstitial infiltration of amyloid between the muscle fibers and muscle bundles. At the same time, involvement of the media of the intramyocardial coronary arteries is commonly seen.42 In most instances, however, the thickening of the media by deposition of amyloid causes relatively little obstruction of the vessel.
In progressive muscular dystrophy, fibrous thickening of the intima and degenierative changes of the media have been described in initramyocardial blood vessels by James.)
Functional Causes
A variety of conditions may be associated with angina pectoris, while the initrinsic structure of the coronary arteries is normal. Though varied in nature, these may be grouped as functional causes of angina pectoris. The categories in which they fall include: (1) aortic insufficiency and conditions simulating aortic insufficiency, all of which yield a low diastolic perfusion pressure;
(2) left ventricular outflow obstruction; (3) thyroid disease; (4) pulmonary hypertension; and (5) systemichypertension.
A low diastolic perfusion pressure may be seen in such conditions as classical aortic insufficiency of varied etiologies, as well as in those abnormalities which allow abnormal escape of blood from the aorta. High levels of resistance to myocardial capillary flow from the commonly associated left ventricular failure may be an additional factor causing inadequate blood supply to the myocardium.
Aortic stenosis and other forms of left ventricular outflow obstruction are classical examples of functional states that are commonly associated with angina pectoris. In these conditions, effort syncope is a recognized manifestation and is often associated with the premonitory symptom of angina. The mechanisms of angina pectoris in aortic stenosis have been listed as high ventricular intraluminal tension and increased oxygen requirements.44 Exercise hypotension also reduces coronary flow.45 While left ventricular outflow obstruction may be a cause of angina, it is to be recognized that among adult patients with aortic stenosis coronary atheroselerosis is not uncommon. In general, the degree of coronary atherosclerosis in subjects with aortic stenosis is not materially different from that in patients without aortic stenosis and of comparable age and sex.46
Thyroid disease may be associated with angina for one reason or another. In myxedema, the related hypercholesterolemia may be the basis for underlying coronary atherosclerosis. Thyrotoxicosis as a basis for angina may be related to the increased need by the myocardium for oxygen by virtue of the existing tachycardia and high metabolic rate. A high pulse pressure may also represent a contributing factor to inadequate coronary flow in a manner comparable to that in aortic insufficiency.
In patients with pulmonary hypertension for any reason, thoracic discomfort similar to angina pectoris is not infrequently observed. Regarding the mechanism for this pain, Viar and Harrison expressed the opinion that it is a manifestation of distension of the pulmonary artery.47 Another view is that, when a low cardiac output is associated, there may be inadequate coronary arterial flow.48
Zoll and associates'0 found that, in the absence of coronary atherosclerosis, systemic hypertension was an uncommon cause of angina. In combination with coronary atherosclerosis, however, as stated, hypertension forms the most common basis for angina.
Yet unsettled is the question as to whether myocardial ischemia, angina, and myocardial infarction may result from a disturbance in oxygen dissociation of hemoglobin. Eliot and Mizukami postulated that, under certain conditions, oxygen may be abnormally firmly bound to hemoglobin so that the release of oxygen is reduced, compared to normal.49 Inadequate delivery of hemoglobin to the tissues, as in severe anemia with its comparably reduced hemoglobin-carrying capacity, is also to be recognized as an example of a functional basis for angina pectoris.
